Introduction 41
Faithful inheritance of the duplicated genetic material to the daughter cells during cell 42 division relies on the process of accurate chromosome segregation. Members of the 7 Dynamic localization of Ipl1 during different stages of cell cycle in C. albicans 140 To determine whether Ip11 functions differently in C. albicans from that of the S. 141 cerevisiae, we examined the localization of Ipl1 in C. albicans. We functionally 142 expressed Ipl1-Protein-A from its native promoter in the strain IPL1-TAP-URA3/IPL1 143 (CNV1) (Puig et al., 2001) . Ipl1-Protein-A could be detected by western blot analysis 144 using lysates obtained after immunoprecipitation with IgG sepharose beads 145 (Supporting Information, Fig. S2 ). However, Ipl1 was found undetected by western 146 blot analysis using lysates obtained prior to immunoprecipitation, indicating that Ipl1 147 is expressed at a low level in C. albicans. Further, to visualize its subcellular 148 localization, we functionally expressed it as a fusion protein with 2xGFP at its C-149 terminus under the native promoter of IPL1 in the strain IPL1p-IPL1-2xGFP-150 HIS1/ipl1::FRT, NDC80/NDC80-RFP-ARG4 (CNV3) where the kinetochore protein 151 Ndc80 was tagged with RFP and co-expressed. Ipl1 co-localizes to the kinetochores 152 during the S-phase and metaphase (Fig. 1A) . However, Ipl1 decorates the mitotic 153 spindle in anaphase but no nuclear localization of Ipl1 could be detected in post-154 anaphase. In unbudded cells, Ipl1 was occasionally detected as a dot-like structure. 155 Thus, Ipl1 is localized to the kinetochore in a cell-cycle-dependent manner in C. 156 albicans, which is distinct from Ipl1's localization in S. cerevisiae (Buvelot. et al., 8 Depletion of Ipl1 leads to a loss in viability and multiple morphological defects 165 To study the function of Ipl1 in C. albicans, we constructed its conditional mutant 166 strain by placing IPL1 under the regulatable PCK1 promoter which is repressed in the 167 presence of glucose (non-permissive) but expressed in the presence of succinate 168 (permissive) ( Fig. 2A) (Leuker et al., 1997) . Two independent conditional ipl1 169 mutants PCK1p-IPL1/ipl1::FRT (CNV6 and CNV7) were constructed and were 170 confirmed by Southern blot analysis ( Supporting Information, Fig. S3A ). The wild-171 type IPL1/IPL1 (RM1000AH) and the conditional ipl1 mutants, PCK1p-172 IPL1/ipl1::FRT (CNV6 and CNV7), when streaked for single colonies on the plates 173 revealed that cells having depleted levels of Ipl1 could not form colonies with the 174 same efficiency as that of the wild-type ( Fig. 2A ). Ipl1-depletion cells consistently 175 produced smaller colonies of variable sizes as compared to those of wild-type strain 176 ( Fig. 2B ). Next, we examined whether Ipl1 plays a role in regulating morphogenesis 177 in C. albicans by growing cells of PCK1p-IPL1/ipl1::FRT (CNV6) under non-178 permissive conditions. Microscopic observations revealed that the majority of Ipl1-179 depleted cells were larger in size than the wild-type cells with altered cellular 180 morphologies ( Fig. 2C ). We quantified different morphological phenotypes obtained 181 upon depletion of Ipl1 and classified them as dividing (unbudded, small-budded, 182 large-budded and elongated), terminal, branched, chained and complex (cells with 183 two or more branches and trimeras) cells. Importantly, in contrast to the wild-type 184 cells, the Ipl1 depletion resulted in the significant accumulation of enlarged, Next, we set out to determine why Ipl1-depleted cells exhibit severely altered 200 morphologies of the organism. The controlled disassembly and reassembly of MT 201 fibers regulate the architecture or the shape of a cell. It has been shown previously 202 MT motor mutants of kip1, kar3, or cik1 result in altered cellular morphologies in C. 203 albicans (Frazer et al., 2015 , Chua et al., 2007 , Sherwood & Bennett, 2008 . To test 204 whether the aberrant morphologies in the Ipl1-depleted cells are due to altered MT 205 dynamics, we first depleted Ipl1 in two independent mutant strains, 206 ipl1::FRT/PCK1p-IPL1 (CNV6 and CNV7) for 4 h and spotted them on the plates 207 containing thiabendazole (40 µg/ml), a MT-depolymerizing agent. It must be noted 208 that the depletion of Ipl1 for this experiment was done for only 4 h to avoid the 209 formation of cells with altered cellular morphologies that could have affected the To confirm whether the MT dynamics is perturbed in the Ipl1-depleted cells, we 215 spotted the Ipl1-depleted cells (CNV6 and CNV7) and the wild-type cells 216 (RM1000AH) on glucose plates and incubated them at variable temperatures (30⁰C-217 42⁰C). As compared to the optimal temperature (30⁰C), Ipl1-depleted cells exhibited 218 retarded growth at the higher temperatures (37⁰C and 42⁰C) ( Fig. 3B ). This result was 219 similar to the growth defect observed in the ipl1-2 mutant in S. cerevisiae and 220 kar3Δ/kar3Δ mutant in C. albicans cells at higher temperatures (Sherwood & Bennett, 221 2008 , Robinson et al., 2012 . However, mutant of ipl1 in S. cerevisiae, ipl1-315 222 having reduced kinase activity displayed a different phenotype as these mutant cells 223 could grow at 37⁰C (Kotwaliwale. et al., 2007) .
224
Next, we sought to determine the possible reasons for exhibiting severe defects in the 225 MT dynamics by Ipl1-depleted cells in C. albicans. To test this, we first depleted Ipl1 226 for 8 h in cells of TUB1-GFP URA3/TUB1, NOP1-RFP NAT/NOP1, PCK1p-IPL1-227 HIS1/ipl1::ARG4 (CNV9) that expresses α-tubulin Tub1 tagged with GFP and 228 nucleolar marker Nop1 tagged with RFP, and analyzed the morphology of the MTs. 229 We observed that as compared to the wild-type strain TUB1-GFP URA3/TUB1 230 NOP1-RFP NAT/NOP1, IPL1/IPL1 (12865), both the morphology and dynamics of 231 MTs were significantly affected in the ipl1 mutant cells ( Fig. 3C ). While close to 50% 232 Ipl1-depleted cells exhibited apparently normal MTs, a fraction of population 233 exhibited an array of spindle defects ranging from a) short spindle with unsegregated 234 chromatin (15%), b) short spindle with mis-segregated chromatin (6%), c) aberrant 235 mitotic spindle with mis-segregated chromatin in the mother cell (17%), d) long 236 spindle (8%), and, e) forked-shaped or broken spindle (2%) ( Fig. 3D ). Since most of 237 the defective spindles were short, we scored the mitotic spindle length by measuring 238 SPB to SPB distance in the pre-anaphase cells of the wild-type strain TUB4-GFP-239 11 URA3/TUB4, TUB1-RFP-HIS1/TUB1, IPL1/IPL1 (CNV13) and Ipl1-depleted strain 240 TUB4-GFP-URA3/TUB4 TUB1-RFP-HIS1/TUB1 ipl1::FRT/PCK1p-IPL1 (CNV14) 241 co-expressing GFP-tagged Tub4 and RFP-tagged Tub1 (Fig. 3E ). The cells having the 242 bud-size (length of the major axis of the cell) of 10-12 µm are considered as the pre-243 anaphase cells. Remarkably, while the wild-type pre-anaphase cells had SPBs well-244 separated from each other (6-8 µm), Ipl1-depleted pre-anaphase cells had SPBs 245 localized significantly closer to each other (2-4 µm) ( Fig. 3F ). However, we also MTs with an opposite polarity overlap in a zone between the two SPBs and are 254 pushed apart by specialized motors such as plus-end directed motors of the kinesin-5 255 family, Kip1, and Cin8. Kip1 and Cin8 work together to cluster kinetochores in S. 256 cerevisiae (Tytell & Sorger, 2006) . In addition, kinesin-8 family, Kip3 is required for 257 kinetochore positioning along the metaphase spindle (Wargacki et al., 2010) . Thus, 258 we were curious to test whether the organization or spatial geometry of kinetochores 259 is affected in the Ipl1-depleted cells having aberrantly spaced SPBs. To investigate 260 the defects in kinetochore geometry and arrangement, we first depleted Ipl1 for 8 h in 261 cells co-expressing GFP-tagged Dad2 (outer kinetochore) and RFP-tagged Tub1, 262 DAD2-GFP-URA3/DAD2, TUB1-RFP-HIS1/TUB1, ipl1::FRT/PCK1p-IPL1 263 (CNV19), analysed kinetochore (Dad2-GFP) signals along the spindle-axis (Tub1-264 RFP), and compared them with the wild-type cells DAD2-GFP-URA3/DAD2, TUB1-265 RFP-HIS1/TUB1, IPL1/IPL1 (CNV22). We observed that Ipl1-depleted cells 266 contained mis-positioned Dad2-GFP foci along the spindle-axis or had abnormally 267 diffuse GFP lobes as compared to the bilobed distribution of the Dad2-GFP foci 268 observed in the wild-type cells along the spindle-axis (Fig. 4A ). The peak 269 fluorescence intensity of the Dad2-GFP signals was towards the poles in the wild-270 type, while the peak fluorescence intensity of the Dad2-GFP was shifted towards the 271 spindle equator or along the length of the spindle in the large-budded Ipl1-depleted 272 cells ( Fig. 4B ). In addition, we also observed unequally separated kinetochore clusters 273 in minor percentage of Ipl1-depleted cells. Unequally separated kinetochore clusters 274 at the mother-daughter cell junction could be due to an accumulation of MTs with 275 unrectified mono-oriented attachments generated in the cell. Further, we estimated the 276 number of large-budded Ipl1-depleted cells with defective kinetochore geometry and 277 kinetochore-microtubule attachments. We found that close to 50% Ipl1-depleted cells 278 were defective in distribution of the kinetochore clusters (Supporting Information, 279 Fig. S3A and S3B). We have shown previously that the partial depletion of essential 280 kinetochore proteins affects the integrity of the kinetochore cluster and stability of the 281 centromeric histone CENP-A in C. albicans (Thakur. & Sanyal., 2012) . Therefore, we 282 further tested whether the mis-organization of kinetochore clusters obtained upon 283 depletion of Ipl1 also affects the stability and integrity of the centromeric histone CNV17. We find that the occupancy of CENP-A at the CENs remains unaffected in 298 the Ipl1-depleted cells ( Fig. 4D and 4E ). Together, these lines of evidence indicate 299 that Ipl1 is required for maintaining the kinetochore geometry during the metaphase- (Fig. 5C , Supporting Information, Movie S1). We observed that Ipl1-depleted cells 329 exhibit unsegregated or stretched chromatin at the mother-daughter cell junction that 330 persists for a longer duration as compared to the wild-type. However, there was no Fig. 6B ). Next, we quantified aneuploidy by performing a chromosome loss assay in 353 Ipl1-depletion mutant strain CNV6 where each homolog of chromosome 7 is marked 354 by the auxotrophic marker HIS1 or ARG4 (Fig. 6C ). Natural rate of loss of a 355 chromosome in the wild-type strain RM1000AH of C. albicans is <1 X 10 -3 / 356 cell/generation (Varshney et al., 2015) . We observed that Ipl1-depleted CNV6 mutant 357 cells exhibited loss of chromosome 7 at a frequency of 8.2 X 10 -3 /cell/generation. of kinetochores along the mitotic spindle in the human pathogen C. albicans (Fig. 7) .
379
MTs are highly dynamic structures that control cell shape, cell division, motility, and (Biggins et al., 1999) . In addition, ipl1-2 cells exhibit no difference in the 404 separation of the SPBs throughout the cell cycle as compared to the wild-type 405 (Biggins et al., 1999) . Interestingly, another allele of Ipl1, ipl1-315 is required for the 406 centrosome-mediated process of spindle assembly in the absence of the BimC motor 407 protein, Cin8 (Kotwaliwale et al., 2007) . Aurora-B kinase also facilitates chromatin-408 mediated spindle assembly by inhibiting MCAK in vertebrates (Sampath et al., 2004) . 409 Therefore, we speculate that in C. albicans, Ipl1 regulates the chromatin-mediated 410 spindle assembly through phosphorylation of the yeast MCAK-like protein Kip3 or 411 facilitates MTOC-mediated spindle assembly by phosphorylating kinesin-5 motors 412 such as Cin8. It is noteworthy that the C. albicans genome has only one member of 413 the kinesin-5 motor, i.e., Kip1 (Chua et al., 2007) and an additional kinesin motor,
414
Kip99. Kip1 deletion mutants in C. albicans exhibit polarised growth and defects in 415 SPB separation (Chua et al., 2007) . 416 ipl1-321 cells in S. cerevisiae display highly asymmetric distribution of Ndc80-GFP 417 signals indicating presence of syntelic attachments in the cell (Marco et al., 2013) .
418
Under the influence of Ipl1, syntelic attachments get corrected and form more stable 419 bipolar attachments (Tanaka. et al., 2002 , Pinsky & Biggins, 2005 2006). Ipl1-depleted cells in C. albicans results in heterogeneity in the phenotype of 421 kinetochore distribution suggesting functions of Ipl1 at different stages of cell cycle. 422 We speculate that in addition to the well-conserved function of Ipl1 in correcting 423 syntelic attachments, Ipl1 may also be involved in recapturing of monotelic 424 attachments and maintenance of bilobed kinetochore organisation along the mitotic Table S1 and Supporting Information Table S2 respectively.
442

Construction of the conditional mutant of IPL1 in RM1000AH 443
The conditional mutant strains of IPL1 were constructed by deleting the first allele ORF was amplified using oligos NV11 and NV12 and cloned into KpnI and XhoI 452 sites of pNV1 to obtain pNV2. The strain RM1000AH was transformed with 453 pNV2 digested with KpnI and SacII by the lithium acetate procedure and the 454 transformants were selected on YPDU plates containing nourseothricin (100 455 µg/ml). The transformants were screened for the stable integrants of digested 456 linear DNA fragments into the genome at the right locus first by PCR using oligos 457 (NV22 and NATmidF) and subsequently by Southern hybridization using a probe 458 region amplified by NV76 and NV77 (Supporting Information Fig. S3A ). The 459 correct transformants (CNV4) were grown in YPM (1% yeast extract, 2% 460 peptone, 2% maltose) supplemented with uridine (0.1 µg/ml) and plated on YPDU 461 plates to recycle the NAT marker. Single colonies were replica plated on YPDU 462 and YPDU + NAT (100 µg/ml) plates. Nou s colonies were selected and confirmed 463 by Southern hybridization for the first copy ipl1 deletion followed by removal of 464 the marker gene using a probe region (Supporting Information Table S2 ). In the 465 resulting strains CNV5, the remaining wild-type allele of IPL1 was placed under 466 the control of the PCK1 promoter. To generate the PCK1p-IPL1 cassette, the 5' 467 UTR was amplified with primers NV63 and NV12 (Supporting Information Table   468 S2) and cloned into KpnI and XhoI sites of pBS II KS (-) to obtain pNV7. The
469
CaURA3 sequence was obtained as a HindIII digest from pCaURA3 and cloned 470 into the HindIII site of pNV7 to obtain pNV8. Subsequently, the 5' coding region 471 of the IPL1 ORF including the start codon was amplified with primers NV35 and 472 NV36 (Supporting Information Table S1 for the genotypes of the strains). The conditional mutants were 478 confirmed by PCR using oligos (NV88 and NV102) listed in the Table S2 . The 479 transformants were further confirmed by Southern hybridization using a probe 480 region amplified by NV76 and NV77 (Supporting Information Fig. S3A ).
481
Construction of the conditional mutant of IPL1 in strains expressing GFP-tagged 482 CENP-A, Dad2, and Tub4 co-expressing RFP-tagged Tub1 and protein A-tagged 483 
CENP-A 484
To study the dynamics of kinetochore proteins and SPBs, conditional ipl1 mutants 485 were constructed in the strains expressing GFP tagged CENP-A, Dad2, Tub1 and 486 Tub4 respectively. To study the enrichment of CENP-A at the CEN, the 487 conditional ipl1 mutant was constructed in the strain containing protein-A-tagged 488 CENP-A. The first copy of IPL1 was replaced with a recyclable NAT in the 489 strains, YJB8675, YJB10742, LSK111 and CAKS102 (see Supporting   490 Information Table S1 for genotypes). In the resulting strains, CNV25, CNV18, 491 CNV10, and CNV15 respectively, the NAT marker was first recycled and the 492 remaining wild-type copy of IPL1 was placed under the PCK1 promoter. To 493 construct the PCK1p-IPL1 cassette with a NAT marker, the PCK1p-IPL1 494 containing fragment was amplified from the genomic DNA of CNV5 using oligos 495 (NV102 and NV103) listed in the Supporting Information Table S2 and cloned 496 into the NotI and SacII sites of the plasmid pBSNAT to obtain pPCK1-IPL1-497 NAT. The plasmid was linearized with NsiI and was used to transform CNV26, 498 CNV11, CNV19 and CNV16 to obtain CNV27, CNV12, CNV20 and CNV17, 499 respectively. The strains were confirmed by PCR using oligos (NV88 and NV102) 500 mentioned in the Supporting Information Table S2 . Further, these conditional 501 22 mutants were confirmed by their ability to form pseudo-hyphal cells under non-502 permissive media conditions.
503
To simultaneously localize tubulin in the strains, CNV14, CNV22, YJB10742 and 504 LSK111, a plasmid containing 3' UTR of TUB1 cloned in frame with RFP 505 harboring HIS1 marker was linearized with XbaI. The linearized DNA was 506 transformed into YJB10742, CNV12, LSK111, and CNV20 to obtain CNV21, 507 CNV14, CNV13 and CNV22 respectively. The transformed were screened by 508 microscopy for the correct integration of the cassette. The conditional mutant of IPL1 was constructed in the strain carrying GFP-tagged 512 Tub1 and RFP-tagged Nop1. To delete the first allele, an IPL1 deletion cassette 513 was constructed with ARG4 as the selection marker. The recyclable NAT marker 514 present in pNV2 was replaced by ARG4 using oligos (NV251 and NV252) listed 515 in the Supporting Information Table S2 to construct pNV2ARG4. The plasmid 516 was digested with KpnI and SacII, and transformed into 12856 to obtain CNV8.
517
The correct integrants were confirmed by PCR using oligos, NV22 and NV271 518 mentioned in the Supporting Information Table S2 . The second allele of IPL1 was 519 placed under the PCK1 promoter using HIS1. The PCK1p-IPL1 fragment was 520 amplified using primers, NV102 and NV103, from the genomic DNA of CNV5 To study the subcellular localization of Ipl1 under the native promoter, we 528 constructed the strain expressing Ipl1-tagged with a double GFP at its C-terminus 529 under the native promoter in the strain CNV2. The 3'coding sequence of IPL1 530 excluding the stop codon was amplified with the oligos (NV124 and NV125) 531 listed in the Supporting Information Table S2 and cloned into the NotI and SpeI 532 sites of pBSGFPHIS1, to construct pBSIPL1GFPHIS1. Another fragment of GFP 533 ORF was amplified using oligos (NV250 and SR67) and inserted into the SpeI site 534 of pBSIPL1GFPHIS1 to obtain pBSIPL1-2GFP. After confirming the orientation 535 of GFP by HpaI, the plasmid was linearized with XbaI and was used to transform 536 to obtain CNV2. Further, to simultaneously localize IPL1 and Ndc80, we 537 constructed a plasmid where the C-terminus of Ndc80 was cloned into SacII and 538 SpeI sites of pRFPARG4 using oligos (NV448 and NV449) listed in the Table S2 .
539
The resulting plasmid pNdc80-RFP-ARG4 was linearized with XhoI and was 540 used to transform the strain CNV2 to obtain CNV3. The transformants were 541 screened for the presence of RFP tagged Ndc80 by microscopy.
542
Construction of a strain expressing IPL1-TAP 543
To study the dynamic subcellular localization of Ipl1 and study its expression, we Table S2 and 5' UTR amplified from the SC5314 genomic DNA using oligos NV19 551 and NV20, listed in the Supporting Information Table S2 were cloned into BamHI   552 and SpeI, and XhoI and BamHI sites of pBSDSTAP respectively, as a three-piece 553 ligation reaction to obtain pBSIPL1TAPDS. The resulting plasmid was digested with 554 XhoI and NotI and was used to transform BWP17 to obtain CNV1. The correct 555 integrants were screened by PCR using oligos (NV34 and NV11) listed in the 556 Supporting Information Table S2 . The expression of Ipl1-Prot-A as a fusion protein 557 was confirmed by western blotting using anti-protein A antibodies.
558
Construction of the conditional mutant of IPL1 in a strain expressing GFP-tagged 559 histone H2B
560
The conditional mutant of IPL1 was constructed in the strain carrying GFP-tagged 561 H2B (RSY15) obtained from Bennett's Laboratory (Sherwood & Bennett, 2008) .
562
To delete the first allele, an IPL1 deletion cassette constructed with ARG4 as the 563 selection marker, pNV2ARG4 (construction described previously) was used. The 564 plasmid pNV2ARG4 was digested with KpnI and SacII, and transformed into 565 strain RSY15 to obtain CNV23. The second allele of IPL1 was placed under the 566 PCK1 promoter using PCK1p-HIS1 cassette. The plasmid pBSPCK1IPL1HIS was 567 linearized and used to transform CNV23 to obtain CNV24. The conditional 568 mutant strain was further confirmed by their ability to form pseudo-hyphal cells 569 under non-permissive conditions. 570
Media and growth conditions 571
The conditional mutant strains carrying IPL1 under the control of the PCK1 572 promoter were grown in YPS (1% yeast extract, 2% peptone, 2% succinate) as a 573 permissive medium and YPD (1% yeast extract, 2% peptone, 2% dextrose) as a 574 non-permissive medium. All the C. albicans strains were grown at 30°C.
